INTRODUCrION
Properties of ordering systems are involved in development of many materials, the applications of which range from magnetic components to high temperature alloys. Quantitative evaluation of free energy of these systems is valuable in order to describe the evolution of atomic ordering with temperature and to give an interpretation of phase equilibria. It has been previously shown [l-31 that it is possible, by improving the well known Quasi Chemical (QC) approximation [4] , to obtain critical quantities for Ising systems very close to exact or best known values, with a great improvement with respect to other proposed statistical thermodynamic approximations. The configurational free energy function of ordering P-brass has been obtained by applying this approach and the thermodynamic behaviour of thiB system is discussed.
IMPROVED QUASI CHEMICAL APPROXIMATION
Ordering for Ising systems is described in the QC approximation by considering a QC reaction between atomic pairs: AA + BB = 2.AB with an equilibrium constant Keq = exp(A&/kgT) = exp(-2Kc/-c), where A& is the interaction energy for neighbour pairs, kg the Boltzmann constant, T = z T c the absolute temperature and Kc = -AE/(2kgTc) is the critical parameter. The number of unlike pairs (NAB) is calculated by the equilibrium constant as:
where N m~ is the number of unlike pairs in the mean field approximation and P is given by 6 = [l+(l-Y2)(l~eq-l)l?
z is the coordination number, Ns is the number of lattice sites and the order parameter 'q=2N~/N-l represents the distribution of the atoms of one species on the two sublattices.
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Interaction between atomic groups is taken into account in the IQC approximation, by introducing a second QC equilibrium. After averaging n atom interactions, a new lattice of fixed atoms (with coordination number zI) is obtained and a QC reaction between atomic groups is considered:
The number of unlike pairs is NIAB = (21 /n)-Ns 41-q1~)/[4(1+P~)I with
is a temperature function taking into account the change of the order parameter after averaging and the relative importance of the second QC reaction. Another correction factor, p(z), is introduced, which allows temperaturedependent interaction energy to be considered; in &,, 7 is replaced by p(z):
The configurational free energy function is given by
The order parameter q as a function of temperature is calculated by making equal to zero the first derivative of Fc with respect to q. The expressions of internal energy (U) and specific heat (Cv) are obtained by derivatives of Fc with respect to q.
CRITICAL BEHAVIOUR OF ISING SYSTEMS
The critical parameter Kc (K, = In Pc> is determined by the condition that the second derivative of Fc with respect to q is null at the critical point (z = 1, q = 0):
The critical free energy value is calculated from the expression reported above assuming a critical value for cp: cpcr In the critical range, the functions p(z) and ~( z ) can be expressed with the analytic form:
The condition for the order parameter of satisfying the equation a F J h = 0 for any z implies that a relationship between the lqwest exponents of p(z) and ~( z ) (a1 and bl) and the critical exponent (B) of the order parameter (F equal to 5/16 for 3D and 118 for 2D): a1 = bl= 2F. The following expressions of p and cp can be adopted when (1-z)<104:
Since internal energy is a linear function of the p and first derivatives with respect to z (p' and 93, we must impose constraints between coefficients Cpi and Ccpi [7, 8] , in order to obtain correct values of internal energy and specific heat.
When the interpolation range is progressively reduced, the first three coefficients of p and cp slightly varies until "asymptotic" values are approached, when (1-z These values, calculated for different 3D lattices, are a linear function of the coordination number. Some terms of p and rp expressions, while representing only a small correction in the critical range, become significant for small values of z and to extend the expression of p and rp becomes difficult because of the great number of terms needed.
ORDERING PHENOMENA IN P-BRASS
Cu-Zn alloys with bcc structure show ordering at Ti741 K: fully ordered Cu0.5Zn0.5 has CsC1-structure(B2). A consistent interpretation of ordering phenomena must take into account data about order parameter and specific heat (Cp) Long range order data, measured by X-ray and neutron diffraction experiments [9,101, have been examined and the following interpolating expression of q as a function of z is proposed:
The experimental values of the order parameter are given assuming as one the maximum observed value; this could be an approximation and could taken into account with introduction of a normalizing factor. The function q(2) (with qmax The agreement between the specific heat of an ideal Ising lattice and the experimental one is unsatisfactory for z = 8 and can be improved only with z = 14 (the critical quantities in this case are calculated by linear extrapolation).
A specific heat function (labelled as "modified" in fig.2 ) has been calculated, satisfying energy and entropy changes, consistent with the critical quantities for z = 14 and the condition AS = R.ln2: C / R = 2.106. (1 -r)-." . e'3.28(7-1) -2 106 -13 into account the difference of AS as a consequence of the "weighing" function 1/T in the integral. This observation agrees with the Inden hypothesis [14] , suggesting that order equilibrium states are not achieved at low temperature.
IQC approximation has been applied to describe a system with these properties: z = 14, specific heat function equal to the "modified one and order-parameter cuwe coincident with the experimental one, with qmax = 1. Functions p and cp have been calculated and they can be written in analytic form by a ratio of polynomials (Padb-approximants) in the temperature range 0 . 7 e~0 . 9 4 . Specific heat calculated from these expression is compared in fig.3 with the "modified" one. Under the hypothesis that the experimental specific heat is measured in a system constrained at low temperature, the fully ordered state would not be obtained by the system and this could justify why AS is lower than R.ln2. By counting the number of configurational states, for AS = 0.5643.R a qmax value of 0.9434 is obtained. A system with this value of qmax , with experimental specific heat and ordered parameter functions has been considered with the IQC approximation but, the description of this system by the Ising model is not possible, because the critical quantities cannot be matched. Hence, Ising model systems, even changing the coordination number, cannot be suited to give a full and consistent description of ordering behaviour for P-brass. The description is possible if only partial agreement with experimental data is admitted, ascribing it to constraints coming from difficult relaxation at low T. The order degree corresponding to the lowest temperature of substantial coincidence between experimental and "modified" specific heat curves is q = 0.88, which is comparable to the calculated qmax = 0.9434. This would indicate that the maximum order degree attained in the constrained system is close to 1. To assume, for obtaining suitable phase boundaries in Cu-Zn phase diagram, that qmax = 0.64, indipendently of the system composition [15] , is far from the experimental evidence.
